Integrating intelligent agent in computer mediated instruction system by Zakaria, Azizi & Siraj, Fadzilah
. -.  
INTEGRATING INTELLIGENT AGENT I N  COMPUTER 
MEDIATED INSTRUCTION SYSTEM 
Azizi Zakaria And Fadzilah Siraj 
School Of Information Technology 
Recent years have witnessed the deployment of thousands of web-based educational systems on the World 
Wide Web (WWW). However, majority of the systems consist of static hypertext pages that are non- 
interactive and nort-adaptive. The chailenge is to develop an advance web-based educational system 
integrating intelligent agent that oflers interactivity and adaptability. lntelligent agent is a new class of 
s o f i a r e  or 'SOFT ROBOT' that acts on behalf o f the  zcrer by perfirming special task suclz as filtering 
email, negotiating for services, automating complex tasks, scheduling appointments, finding andfiltering 
information and making travel arrangements. Intelligent agent has been predicted to be the most important 
computer paradigm in the next ten years. By the year 2000 every sign~ficance application would have some 
form of agent functionality. One of the most promising research areas for intelligent agent is education 
and training. Such an agent can be used spec~fically to support and guide interaction between the student 
and the system. This agent is referred to as pedagogical agent. Pedagogical agent is an autonomous agent 
that acts as virtual tutors or teacher to create rich, jhce-to-jbce learning interactions. It ccn also be 
represented as animated characters to make the learning process more lively and appealing. Animated 
pedagogical agent offers great promise for broadening the bandwidth of tutorial communication and 
increasing the ability of learning environments to engage and motivate students. 
This paper described PEAGENT, an interactive and adaptive web-based educational system integrating 
lour animated pedagogical agents that communicate in Malay iangzrage and perform various pedagogical 
firnctions. 
Keywords: lntelligent agent, pedagogical agent, intelligent tutoring system, art~ficial intelligence, World 
Wide Web 
1.0 Introduction 
The influence and capability of the World Wide Web (WWW) has opened new 
and innovative ways of learning and teaching. The WWW provides users with a 
uniform and convenient means of assessing the vast resources of the Internet. 
For educators, the WWW provides an exciting new opportunity for E-learning 
and E-teaching environment. Web-based educational system can be accessed 
globally independent of time and geographic location using multi-platform 
environment such as Unix, Macintosh and lllicrosoft Windows. Recent years have 
witnessed the deployment of thousands of web-based educational systems on 
the WWW. However, majority of the systems consist of static hypertext pages 
that are non-interactive and non-adaptive. The student only read the displayed 
hypertext pages and the same page is presented to ever\/ student without 
considering their level of understanding. This paper presents the use of 
intelligent agents in web-based educational system that offers interactivity and 
adaptability. The system would make an on-line learning environment as 
interactive and responsive to individual needs as a human tutor. The intelligent 
agent can adapt to the changing needs of the students, their environment and 
learning style. The agent builds up a character map of the learner in the same 
way that a human tutor does. 
2.0 Intelligent Animated Pedagogical Agent 
Intelligent agent is a new class of software or 'SOFT ROBOT' that acts on behalf 
of the user by performing special task such as filtering email, negotiating for 
services, automating complex tasks, scheduling appointments, finding and 
filtering information and making travel arrangements. Intelligent agent has been 
predicted to be the most important computer paradigm in the next ten years. By 
the year 2000 every significance application would have some form of agent 
functionality (Janca, 1995). Intelligent agents are network-enable applications 
that are being called "the next great wave of innovation and development across 
the Infosphere comprising of the internet, Intranets, Extranet and World Wide 
Web. This technology is expected to eventually have an effect as profound as 
the World Wide Web (The Agent Society, 1997). 
Intelligent agent has the following general characteristics: (Knapik & Johnson, 
1998) 
a. Autonomy: the ability to operate without direct human intervention 
b. Social ability: the ability to communicate with humans or other agents. 
I c. Reactive: the ability to respond appropriately to changes within th  . i 
environment or in the ~eeds  and preferences of the user. I 
I d.  Proactive: the ability to take initiative to act in order to achieve the 
I 
determined by the user. 
e. Mobility: the ability to travel through the network executing commands and I 
carrying accumulated data with them. 
i 
f. Collaborative behaviour: the ability to work with other types of agents t 
which possess various capabilities in order to achieve a conlmon goal. 
g. Adaptive: the ability to learn from experience and use that learning to I 
8 
improve behavior and reasoning processes. ! 
i 
h. Inferential: the ability to use prior knowledge of general goals and j 
methods in order to act on abstract specifications, and also be flexible 
1 
enough to extrapolate from given information. 1 
I 
Although intelligent agents can embody any combination of these , 
i 
characteristics, they frequently have very limited and discrete functions. The 1 
; 
high level of intelligence and autonomy attributed to some agents is the 
I 
synthesis of aggregate activities of many types of agents actively exchanging 
knowledge (Bradshaw, 1997) 
I 
One of the most promising research areas for intelligent agent is education and 1 
training. Such an agent can be used specifically to support and guide interaction i 
between the student and the educational system. This agent is referred to as : 
pedagogical agent. Pedagogical agent is an autonomous agent that acts as I 
i 
virtual tutors or teacher to create face-to-face learning interactions. The primani j 
I 
function is to support student in accordance with the application of 1 
I 
theow within learning environments. It can also serve as a pedagogical expefl 1 
I 
where it can monitor and evaluate the timing and implementation of teaching / 
intervention such as giving help, feedback and hint. It will act upon the 1 
environment and interact with the student in ways that will facilitate learning, 
while dynarr~ically responding to spontaneously occurring opportunities for 
instruction and personalized tutoring. This is possible because the agent 
monitors the progress and current knowledge of the student in each task. The 
agent has knowledge of the skills that are needed for the task, as a human tutor 
would demonstrate them. It then compares this knowledge with the student's 
performance of the same skill. When provided with a suitably rich interface, 
multi-modal dialog can be added to the interaction in order to ensure 
instructional effectiveness. 
Pedagogical agent can also be represented in educational system as animated 
characters to make the learning process more lively and appealing. Animated 
pedagogical agents offer great promise for broadening the bandwidth of 
communication between the system and user, and increasing the ability of the 
system to engage and motivate student. (Johnson, 2000) 
3.0 System Description 
PEAGENT is an intelligent web-based educational system that focused on a few 
topics of Data Structure and Algorithm Analysis concepts such as pointers, 
i. 
stacks and queues. The system used four animated pedagogical agents that 
I communicate with the student in Malay language and performing various 
I pedagogical functions. These four agents are: 
k 7
1. Wira 
This is the main agent that teaches the basic concepts of 
data structures and analysis. Besides teaching, Wira z'so 
provides instruction for using email and on-line 
- _ discussion, internet search and on-line quiz. 
2. Pin tar 
This agent determines the student's level of 
understanding of a topic by asking short question. 
Pintar provides personalized learning module to each 
individual students depending upon their level of 
understanding and performance. 
3. Waja 
This agent monitors student's progress by probing 
short questions during instruction and provides 
exercises at the end of each chapter. Waja will report 
student performance to the lecturer. 
4, Tangkas 
This agent evaluates student's answer from the quiz 
taken and explains why a particular answer is wrong. 
Tangkas can guide the student to answer correctly by 
giving hints. 
The followings are the example of introductory sessions: 
Sistem Pembelajaran Pintar 
- 
Sislem yang berteraskan konsep 'lntelli ent Agent' 
dun 'lntellige$t Tutorlng.System8 inf&oneunkan 
seiaiar dene&hasrat untGk %mvem6uF11fi"an-~ineam 
1. The opening page 
3. Login screen is necessary to avoid unauthorize 
access 
After the student completed their registration, Wir 
student such as Pintar, Waja and Tangkas that 
session as shown in Figure 1. 
2. The main menu for the student, lecturer 
and system administrator 
4. Registration Form for new user. 
will introduce all the agents to the 
vill assist him during the learning 
Figure 1: Introduction of the four agents 
At the bottom of the learning session screen there is a control panel that allows the 
user to navigate around the system during the learning session. The function of each 




Figure 2: The Control Panel 1 





6. Quiz Result 
7. Exercise Result 
8. Intelligent Discussion 
9. Check E-Mail 
9. Send E-Mall I 
10. Intelligent Message I 
11. Intelligent Searching 
I 
12. Glossary I 
13. Change User Password 
14. Main Menu 
15. Student Main Menu 
16. Calculator 
17. Logout 
During the learning session, Waja will ask short questions to evaluate student 
understanding of a given lesson. Waja will provide hints if the student is unable to 
answer any of the question (see Figure 3) 
Figure 3: Short Question ask by Waja 
At the end of each chapter, Waja will give a review exercise to the student consisting 
ten questions. 
Figure 4: Exercise Screen 
- -. 
After the student completed an exercise, Tangkas will analyze the answer and display 
the result. I f  the student answered wrongly, Tangkas v:ill also explain and show the 
right way to get the correct answer. The result will be saved in a database and can be 
reviewed by the lecturer (see Figure 5) 
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Besides teaching, PEAGENT also provides some other additional functions such 
as Intelligent Discussion. I n  this session, student can have an online discussion 
with other students and their lecturer. Wira can also explains how to use this 
function effectively. 
Figure 6: Intelligent Discussion 
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To make learning session more effective, PEAGENT offers 15 search engines for student 
to find any relevant subject matter on the WWW (see Figure 7) 
Figure 7 :  Search Engines 
Student can also use the glossary to find the meaning of important and concept, 1 
in Data Structure and Algorithm Analysis course (see Figure 8) 1 
Figure 8: Glossary Screen 
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4.0 System Architecture 
Figure 9 shows the architecture of PEAGENT consisting of the intelligent 
pedagogical agents that is located at the interface level and Intelligent Tutoring 
System (ITS) component at the server side. The agents manage the interaction 
between the student and the system by retrieving the information and 
knowledge from the ITS. The lecturer can update their domain knowledge 
directly as well as quiz and question database. 
Prosidrrzg 2000 
Figure 9 PEAGENT Architecture 
The Intelligent Tutoring System that is located at the server consists of the following 
components: 
L 
The Student Model stores information that is specific to each individual learner. 
It contains information about the learner understanding of the knowledge 
domain by having a model of student's learning style and using diagnostic tools 
contained within the Pedagogy Module to extract learner's knowledge state 
about the subject domain. It also stores the points the student received during 
the review exercise. The Student Model is used to tailor instructions to a 
student's idiosyncrasies and learning requirements. Without this knowledge, the 
Pedagogical Module of the tutor has no basis to make decisions, and is forced to 
treat all student, equally. 
Student Interface Internet ITS Lecturer 
correct knowledge 
Intell~gent agent buggy knowledge 
WWW c l~en t  Internet WWW Server 
(Netscape, Internet Explorer, ) 
\ . 
2. The Pedagogical Module contains rules or other decision making tools that 
allows it to judge the student's understanding of the subject domain (as 
represented by the Student Model) and matches it with the actual knowledge 
structure (as represented by Domain Knowledge). The module uses information 
from student model to determine the domain knowledge aspects that should be 
presented to the learner and identify the needs for each student. The module 
provides a model of the teaching process and generates correct forms of 
instruction to the pedagogical agents. 
3. The Domain Knowledge contains information about the subject knowledge 
domain; such as facts and concepts, and the processes needed to complete 
problems within the system. This module is the most important because without 
this module, there would be nothing to teach the student. Generally, it requires 
significant knowledge engineering to represent a domain so that the pedagogical 
agent can access it. 
4. The database of question and quiz contain questions and quizzes that will be 
developed by the lecturer and used by the agents during the learning process. 
5.0 Implementation 
To facilitate web-based delivery PEAGENT is implemented using various web- 
based programming language and tools such as ColdFusion as the backbone, 
Java, Java Script and Visual Basic Script. The animated pedagogical agent was 
developed using Microsoft Agent technology. Several other software packages 
have also been used for various purposes such as: 
a) lSt Page 2000 
b)  dob be@ Photoshop 5.0 
c) ~ac romed ia~  Flash 4.0 
p- 
@sat  Penyelidikan dun Perundingan, Z'VM 284 
d) Microsoft@ Access 2000 
e) Microsoft@ Frontpage 98 
f) Microsoft@ Paint 98 
6.0 Conclusion and Future Research Directions 
Integrating intelligent pedagogical agent in web-based educational system is 
currently the main focus of the research and development area in education. 
Benefits of web-based educational are clear: classroom and platform 
independence. An application installed and supported in one location can be 
used by thousands of learners globally. While the evidence is still limited but 
very positive, intelligent pedagogical agent has the potential to create a 
revolution in effective low-cost education and training. This is due to the ability 
of the agents to emulate a human tutor as well as other characteristics 
described in the previous section. However, one must realize that intelligent 
pedagogical agent is just a tool that can be harnessed for web-based education. 
The effectiveness of the agent depends on the quality of the underlying teaching 
material and the pedagogical framework used in the development of web-based 
educational systems. 
Animated pedagogical agents introduce a new paradigm for instruction that is 
based on concepts of shared abilities and cooperative learning between humans 
and computers. Aside from difficulties in actually constructing intelligent agents 
for education, exploring the development of artificially animated pedagogical 
agent is a worthy task in that it helps further our theoretical understanding of 
instruction. Results of theoretical and technological progress in this research 
area can provide valuable information for development of interactive and 
adaptive web-based educational systems. 
The future research directions would include strengthening the general 
theoretical framework for agent-based educational system by developing 
-_ 
animated pedagogical agents that possess the knowledge of the subject domain 
and pedagogical knowledge. This agent will have the ability to learn and to 
evaluate the student understanding and provide personalized instructions and 
guidance. These pedagogical agents will resemble Malaysian character and will 
be integrated with a Malay text-to-speech engine. The development of such 
engine will be among the first ever develop in Malaysia. For this future 
enhancement, factors such as gaze, eye contact, body language, and emotional 
expression of the animated pedagogical agent will be modeled and exploited for 
instructional purposes. 
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